This paper investigates the effectiveness of momentum strategies for equities listed on the Vietnam Stock Exchange. It also investigates the roles of trading volume and price limits to examine the profitability of momentum strategies. Our paper finds evidence of significant momentum profits during the period 2000-2006 and our findings are robust to various tests, risk adjustments and market microstructure biases. We also show that trading volume is particularly important in generating momentum returns. We further document that price limits significantly hinder market liquidity. This fact, to a large extent, accounts for the strong price continuity of the Vietnam Stock Exchange.
I. Introduction
Anomalies are empirical results that are inconsistent with asset-pricing theories and indicate market inefficiency or inadequacies in the asset-pricing model (Schwert 2003) . In a similar vein, Fama and French (2006) state that patterns in average returns that cannot be explained by the traditional Capital Asset Pricing Model (CAPM) are considered anomalies. They also state that the premier anomaly 'momentum' is left unexplained by the CAPM and the multifactor model of Fama and French (1993) and argue that the pervasiveness of anomaly returns is an important issue. In a more recent paper, Gutierrez and Pinsky (2007) document that momentum challenges the efficiency and rationality of financial markets. Naranjo and Porter (2004) document that although momentum strategies generate significant returns little has been published on the source of these profits. This paper not only investigates the effectiveness of momentum strategies for one of the most dynamic markets in the Asia Pacific region -Vietnam-but also investigates the alternative sources of momentum profit in the spirit of Jegadeesh and Titman (1995) . So, what is the momentum anomaly? In a landmark article, Jegadeesh and Titman (1993) document that strategies which include buying stocks that have performed well in the past and selling stocks that have performed poorly in the past generates an average return of 0.95 per month over the 1965 . In their 2001 paper Jegadeesh and Titman confirm this result for the 190-1998 period and reject the claim that their earlier findings were due to data snooping. Research also shows that stock returns exhibit serial correlation, and thus past stock returns predict future stock returns. For instance, Jegadeesh (1990) and Lehmann (1990) report significant profits from a contrarian strategy that buys "loser" stocks and sell "winner" stocks in investment horizons of from 1 to 6 months. This evidence was initially regarded as the overreaction of market price to information, due to speculative trading (see Stiglitz, 1989 and Summers and Summers, 1989) or insufficient market liquidity (see Grossman and Miller, 1988) . 1 In a similar vein, Thaler (1985, 1987) report contrarian profits for longer investment horizons of 3 to 5 years. Jegadeesh and Titman (1993) , however, report return continuity where winners continue to win and losers continue to lose in intermediate investment horizons of 3 to 12 months. They attribute this momentum phenomenon to the underreaction of market price to firm-specific news. Lee and Swaminathan (2000) find that trading volume appears to predict the magnitude and persistence of momentum strategies, and they suggest that past volume can provide a reconciliation between the "underreaction" of intermediate investment horizons and the "overreaction" of long-term investment horizons.
Momentum strategies have been documented to be internationally pervasive. For example, Rouwenhorst (1998) reports significant momentum returns using a sample of European countries; Rouwenhorst (1999) confirms the existence of momentum strategies in six out of 20 emerging markets and Hameed and Yuanto (2000) find statistically significant momentum profits in Asian stock markets. Kang et al. (2002) document statistically significant positive profits from both momentum and contrarian strategies across a range of formation and holding periods for Chinese equities.
Our paper is the first to investigate the effectiveness of momentum strategies for the Vietnam Stock Exchange (VSE). Further, we investigate the relationship between volume and momentum profits. We focus on the effectiveness of momentum strategies specifically in Vietnam for several reasons. From its establishment in July 2000 up to its recent surge, and despite its current status as one of the most exciting markets in Asia for 2006, the VSE has been little studied and awaits investigation. This lack of research is largely due to the small size of this market, the limited participation of international and institutional investors, and a relatively short history of trading. The VSE is now equal in value to more than 15 percent of national GDP and is thus an important venue for both domestic and international investors.
It is worth noting that individual investors account for almost 90 percent of trading on the VSE. Most of these traders do not possess fundamental knowledge and usually trade on rumours and chase trends. On the VSE, large waves of buying and selling chase each other when individual investors herd in and out of the market. Furthermore, the VSE adheres to price fluctuation limits, which often results in imbalanced trading orders when the limit is reached. This interesting market setting warrants an empirical investigation on whether price continuity exists on the VSE. To study momentum strategies in Vietnam, we form and rebalance portfolios on a daily basis. This paper pursues four objectives. First, while the majority of the literature on momentum and contrarian strategies is based on short term (1 to 3 month), intermediate term (3 to 6 month), and long term (3 to 5 year) stock returns, little if any, research has been published using daily returns. We investigate the effectiveness of momentum strategies using daily returns. Second, we examine whether trading volume can help predict momentum returns. Third, we study the role of price limits within the context of momentum strategies. Fourth, we investigate alternative sources of momentum profit in the context of Jegadeesh and Titman (1995) .
We report that there are significant momentum profits for investment horizons of 1 to 20 days. These momentum profits are particularly strong among high volume stocks and the majority of the profits come from winners. We show that daily price limits significantly hinder trading liquidity and that this results in strong continuity of stock price in days subsequent to the limit being reached. Our decomposition of momentum profits indicates that underreaction to firm-specific information is the most significant determinant of momentum returns.
We also suggest that momentum trading may not be possible for individual investors who pay significant trading commissions, but that it is more significant for institutional investors who have greater capital and lower trading costs. However, as the trading volume is still relatively small on the VSE, we concede that momentum profits can be wiped away easily by a few large trades.
II. Institutional Background
The Overall foreign ownership of equity was initially limited to 20 percent. In July 2003, the limit on foreign ownership was raised to 30% and subsequently to 49%. Although the VSE is the smallest stock exchange in Southeast Asia, it was the third bestperforming exchange in the world in 2006. Figure 1 shows the market capitalisation and the number of listed firms in the VSE.
Trading on the Stock Trading Center of Vietnam is conducted via a call auction where trade price is determined at the level that maximizes trade execution. The Ho
Chi Minh Securities Trading Centre also enforces a price limit of 5% on the previous day's closing price. The equivalent price limit for the Hanoi Securities Trading Centre is set at 10 percent. Trade settlement is centralized through a state-owned commercial bank.
III. Data and methodology

A. Data
The data for this study are from the Ho Chi Minh Securities Trading Centre for the 6 Daily stock return is defined as the log of the current day's closing price over the previous day's closing price.
A.1 Momentum Portfolios
For each day, we rank stocks based on the previous F (formation period) trading day returns (F ranges from 1 to 20 trading days). Based on this ranking, we form five portfolios where the portfolio with the top quintile of stock returns is the "winner"
portfolio and the portfolio with the bottom quintile of stock returns is the "loser"
portfolio. We then compute equal-weighted returns for each quintile for the next H (holding period) trading days (H ranges from 1 to 20 trading days). 7 We go "long" in the winner portfolio and "short" the loser portfolio. we consider strategies where one trading day is skipped between F and H. percent and is significant at the 5 percent level. We find that profits decrease when the holding period is increased from 5 to 20 days. Thus, we propose that the momentum anomaly is rather short-lived and would best be limited to 5 trading days.
IV. Empirical results
A.1 Profitability of momentum strategies
The results are presented graphically in Figures 2 to 5.
In Table 1 , Panel B, when 1 trading day is skipped between F and H, the momentum profits decline significantly. For example, when F=1 and H=1, the momentum profit is 1.17 percent and this is 2.5 times lower than the profit from Panel A. However, the magnitude of all momentum profits is still economically large and consistently significant at the 1 percent level. Again, momentum portfolios should best be limited to a 5-trading-day holding. In both Panels A and B, the dominance of momentum profits arises from the buying of winner portfolios. For subsequent tests, we use momentum portfolios in Panel B where 1 trading day is skipped between F and H so that the momentum profits are robust to market microstructure biases. Lee and Swaminathan (2000) report the very important phenomenon that trading volume can predict the magnitude and persistence of momentum profits. Specifically, they find that the momentum phenomenon is more pronounced and short-lived for high volume stocks and vice versa for low volume stocks. They therefore show that part of the momentum effect manifests as long-horizon overreaction due to rapid reversal of momentum profits for high volume stocks in the long run.
A.2 Trading volume and momentum profits
To examine the role of trading volume, we implement volume-based momentum strategies by means of a two-way sort of price-and trading-volume. We form 5 portfolios based on price performance over F trading days and then independently form 3 portfolios based on average daily turnover, also over F trading days. 8 The V1
portfolio has stocks with the lowest average turnover and the V3 portfolio has stocks with the highest average turnover. suggest that the momentum effect is most pronounced for high volume stocks. The momentum portfolio that goes long winners and short losers consistently gives the highest return for the V3 portfolio across all momentum strategies. We also find that when F=10 and H=10, the momentum return for V3 is 1.4 percent higher that that of V1, or an annualized 69%. 9 We report that, controlling for volume, momentum portfolios consistently produce positive returns only at medium and high volume levels (V2 and V3).
[INSERT TABLE 2 ABOUT HERE]
It is generally agreed that low-volume stocks tend to earn higher expected returns as a compensation for their relative illiquidity (Datar et al., 1998; Pastor and Stambaugh, 2003) . In our sample, this hypothesis appears to be consistent with the momentum pattern of loser stocks but fails to explain the momentum pattern of winner stocks and the large return of the momentum portfolio for high volume stocks (WV3-LV3).
The empirical results are more consistent with the fact that incomplete reaction, together with strong trading volume, translates to larger continuation of price performance.
A.3 Momentum profits and daily price limits
While daily price limits were initially adopted to prevent wild daily swings in stock prices, research results regarding the effectiveness of price limits are mixed and inconclusive. Ma et al. (1989) find overreaction in stock price, as evidenced by price reversal after limits are hit. Other studies raise the concern that price limits can translate into volatility spillover, delayed price discovery, and trading interference (see Kyle, 1988 , Fama, 1989 , Lehmann, 1989 and Kuhn et al., 1991 . In an important study, Kim and Rhee (1997) conclude that abnormal volatility, price continuity and increases in trading activity are observed after price limits are reached. We conjecture that price continuity is particularly strong for stocks that reach price limits, since these stocks represent the most extreme performance within momentum portfolios. Table 3 presents the results for portfolios that hit their daily price limits. In this analysis, momentum portfolios are formed based on the previous one-day price performance, where winner stocks increase by 5 percent and loser stocks decrease by 5 percent. Out of the total of 1426 days, there are 591 days where at least one stock hits the price limit. This ensures that price limit momentum portfolios can be formed on a reasonably frequent basis (an average of one portfolio for every 2.4 trading days). In Panel A, price continuity is striking; winner stocks go up by 1.18%
and loser stocks go down by -0.43% on the trading day immediately succeeding the day on which the price limit is reached. This strong and statistically significant continuity lasts up to day 2 for winner stocks, while it subsides relatively quickly for loser stocks. The momentum strategy earns an average of 2.7 percent within 5 days after formation and 60 percent of this return is realized on day 1. 10 When looking at the return pattern of stocks that do not experience price limits, we find no continuity.
[INSERT TABLE 3 ABOUT HERE]
Panel B of Table 3 presents the 5-day percentage change in turnover for winner and loser stocks that reach their price limits. Both winner and loser stocks exhibit substantial increases in trading activity on day 1 and decreases in trading activity thereafter. Since the price limit interferes with trading activity, traders must wait until the subsequent day to continue to lock in their positions. These results indicate that there is a significant imbalance in trading orders when a price limit is reached, and this drastically hinders liquidity. Investors must buy and sell at unfavourable prices on the day after stock prices reach their price limits.
A.4 Calendar month, year and momentum profits
Several studies have shown that stock returns exhibit seasonal patterns, both in the US and in international markets. For example, there is a tendency of the stock market to rise between December 31 and the end of the first week in January (see Roll, 1983; Thaler, 1987; Jones et al., 1987, among others) . Jegadeesh and Titman (1993) report that the strong January effect in the US works against their momentum strategies as most of these strategies produce negative returns in this month.
We investigate whether daily momentum strategies in Vietnam are influenced by seasonality effects. A momentum portfolio is determined to belong to a calendar month if the end of the holding period H is within that calendar month. 11 Table 4 shows average momentum returns and the proportion of the momentum portfolio that Table 5 presents the profitability of momentum strategies using sub-period analysis.
The returns of momentum portfolios from different formation and holding periods are result is, to a large extent, due to the strong performance of the VSE. 12 The results for winner portfolios are more consistent between the two sub-periods. We therefore conclude that the strong momentum effect is most pronounced in winner stocks.
[
INSERT TABLE 5 ABOUT HERE]
A.5 Risk and the sources of momentum profits
Momentum strategies clearly show strong and consistent profits for various formation/holding periods. A possible explanation is that winner and loser portfolios are differently related to several common factors. Chan (1988) shows that losers tend to be more risky and winners tend to be less risky within the holding period of a contrarian strategy. Jegadeesh and Titman (1993) show that winner portfolios have lower beta than loser portfolios when momentum strategies are implemented using monthly returns for the US market. Based on a weekly formation/holding horizon, Kang et al. (2002) position whereby the market risk should be offset between winners and losers to approach zero. If the β for the momentum portfolio is significantly different from zero, it can be said that the momentum portfolio is no longer market neutral due to the time-varying risk of winners and losers in the holding period. Table 6 presents the parameters estimated from (1a), (1b) and (2) for all momentum strategies. If the holding period H is equal to 1 trading day, none of the momentum portfolio shows significant β . However, as the holding period increases to 20 trading days, momentum portfolios begin to exhibit significant market risk. Thus, for longer holding periods, winner portfolios tend to be more risky than loser portfolios. This fact, nonetheless, cannot fully explain the economically large and statistically significant α of most momentum strategies.
[ INSERT TABLE 6 ABOUT HERE]
A.6 Decomposition of momentum profits
In this section, we decompose momentum profits by source, as suggested by Jegadeesh and Titman (1995) so that we can evaluate each source's relative importance. We estimate the sensitivities of individual stock returns to contemporaneous and lagged common factors by a one-factor model as follows:
where t i r , is the time t return of stock i, , t f and
f are the unexpected common factors realised at time t and time t−1 (we use the value-weighted market index return as a proxy for this factor). α is the unconditional expected return for stock I; 0 β and 1 β are the contemporaneous and lagged betas, respectively. In this study, we consider the momentum strategy that buys winners and sells losers at time t−1 and that holds the portfolio up to time t. If every stock in the momentum portfolio has a weight equal to its excess return over the average market return at time t−1, we can decompose the expected momentum profits as proposed by Lo and MacKinlay (1990) : Stocks with higher unconditional expected returns tend to have higher average returns in both formation and holding periods, and this will therefore increase momentum profits. The second component, Ω , is the cross-sectional average of serial covariance of the idiosyncratic component of returns. This is determined by the stock price reaction to firm-specific information. If stock prices on average underreact to firm-specific information, there will be continuation of stock price reaction in the following period and Ω will be positive. Hence, it will increase momentum profits.
On the other hand, if stock prices overreact to firm-specific information, a correction of overreaction (opposite-direction stock price reaction) will be observed in the following period. Ω will then be negative and this will decrease momentum profits.
The last component, 
B.1 Measurement error
Several studies have implicated bid-ask spread as the cause of short-term contrarian profit (see Lehman 1990 and Conrad, et al. 1997 ). In our study, buying winners (selling losers) are executed at the ask (bid) and selling winners (buying losers) are executed at bid (ask). If the bid-ask spread plays a significant role, this should reduce the profits of momentum strategies. Most importantly, trading prices on the VSE are determined in a batch market where trades take place three times a day from aggregated buy and sell orders. Hence, stock prices are neither at bid nor ask, but are instead at a point that best clears the market. Second, we adopt the skipping of one trading day between the formation period F and the holding period H, as shown in Panel B of Table 1 , to avoid any potential microstructure biases.
B.2 Implementation of momentum strategies
Past research has found that most returns to momentum strategies are due to short rather than long positions. For example, Hong et al. (2000) find that more than 70 percent of the momentum returns in the US come from loser portfolios (see also Titman, 2001 and Lesmond et al., 2004) . The results from our study suggest that most of the daily momentum profits in Vietnam come from winner stocks. Short selling is not yet allowed on the VSE. Hence, for practical implementation of our strategies on the VSE, we can focus only on winner stocks.
The consistently large and statistically significant returns for winner portfolios, as documented in 
V. Conclusions
We find strong evidence of momentum profits when portfolios are formed on a daily basis on the VSE. This profit is most dominant among high-volume stocks. These results are consistent with the notion that stock prices in Vietnam significantly underreact to firm-specific news. This phenomenon, to a large extent, is the result of price limits hindering liquidity and delaying price discovery. Excessive underreaction is also likely due to the dominance of individual investors who chase trends and speculate on rumours, the lack of participation from large institutional investors, and the limited supply of reliable information on firms and trading activities. It would therefore be interesting to revisit this phenomenon in the near future as market liquidity in Vietnam will be fundamentally improved by continuous trading and active participation of institutional investors.
1 Mun et al. (1999) and Bacmann and Dubois (1998) suggest that overreaction to firm specific information is the main reason for abnormal returns from short-term contrarian strategies.
2
According to the Stock Trading Center in Vietnam, our study is the first and foremost academic research that has ever been done in a Vietnamese setting. 3 For example, in mid 2006, after a significant decline, the average market PE in the market was around 11 and the Exchange CEO remarked that the market was largely undervalued. This average surged to almost 40 in six months towards the end of 2006. 4 The value of these two exchanges at the end of 2006 is more than 11 billion dollars, which is 20 percent of the national GDP. 5 In this study, Vietnam Stock Exchange (VSE) refers to the Ho Chi Minh Securities Trading Centre. We do not include the Hanoi Securities Trading Centre as this is a small exchange with limited history of trading data. 6 We exclude the days where we cannot form five portfolios due to lack of relevant data and the sample therefore starts from 4 th August, 2000. 7 There are cases where both winners and losers generated negative returns during the formation period as the market was going down. We choose not to form portfolios of winner and loser stocks if the returns for all the stocks in the market are non-positive during the formation period. 8 Daily turnover is the ratio of the numbers of shares traded in a day scaled by the total number of outstanding shares. See Campbell et al. (1993) and Lee and Swaminathan (2000) for details. 9 The average number of yearly trading days in Vietnam is around 245 days or 49 weeks. 10 If we apply the conservative assumption that momentum portfolio is formed on day 1 (the day after price limit is reached) and held until day 6, this would still result in more than 1 percent profit in a 5-day holding period. 11 For example, a F=20, H=20 momentum portfolio is said to be in February if the liquidation of this portfolio is carried out in February although the formation period is based on January stock price performance. 12 Loser stocks are relative losers to the market performance in the formation period and therefore they do not necessarily produce negative returns. When the market is very strong, we can have loser portfolios with positive performance in both formation and holding periods. 13 Korajczyk and Sadka (2004) suggest that strategies that invest in winner stocks only are conservative relative to simultaneous long/short positions before trading costs, and since loser stocks are less liquid they should induce significant trading costs. 14 These results, together with the results in Table 1 show that increasing holding periods does not add to momentum returns, but significantly increases the volatility of the strategies. 15 The government, however, proposes to charge a 25% tax on profits from securities trading on the stock exchange in the coming years and this could significantly affect the profits of momentum trading strategies. 16 Only broker firms can trade on the Vietnam stock exchange. While commissions are the main source of income, some firms also trade for themselves. Apart from a few local investment banks who have their own broker divisions, most institutional investors (both international and local) trade via an account with a broker firm. They are also offered lower trading costs as a result of large deals. 17 In addition to the relatively small trade values on the VSE that deters participation by international investment funds, foreign ownership cannot exceed 49 percent. This table presents the profitability of momentum strategies based on trading day price performance. The quintile portfolios are formed based on the previous F trading days (F ranges from 1 to 20 trading days and the results presented are based on F=1, 5, 10, 15 and 20 respectively). The loser portfolio (L) is the quintile with the lowest stock returns in the formation period. The winner portfolio (W) is the quintile with the highest stock returns in the formation period. An equalweighted return for each portfolio is calculated for the next H trading days (H ranges from 1 to 20 trading days and the results presented are based on H=1, 5, 10, 15, 20 trading days respectively). Returns are normalised to weekly returns (equivalent to 5 trading days) and in percentage term. (W-L) is the momentum strategies that goes long the winner portfolio and short the loser portfolio for the next H trading days. Panel A presents the momentum portfolios with no skipping between the formation period F and the holding period H. Panel B presents the momentum portfolios with 1 day skipped between the formation period F and the holding period H. The t-statistic is in parenthesis. ** indicates significance at 1% level, and * indicates significance at 5% level. This table presents 5 day return and trading activity of winner (W) and loser (L) stocks that reach price limit. Day 1 to 5 are 5 trading days after the stocks reach the price limit. (W-L) is the momentum strategy that goes long the winner portfolio and short the loser portfolio. Cumulative (W-L) is the cumulative return of this momentum strategy over 5 days. Trading activity is defined as the percentage change in daily turnover over the previous day turnover. The t-statistic is in parenthesis. ** indicates significance at 1% level, and * indicates significance at 5% level. Table 4 : Calendar moth and momentum profits This table presents momentum profits based on calendar months. Column W-L shows the average returns for momentum portfolio that goes long winner stocks and short loser stocks for each month. Column (W-L)>0 shows the proportion of momentum portfolios with positive returns for each month. We present the results for five momentum strategies where the formation period F is equal the holding period H. 2000-2003 and 2004-2006 . We present the results for winner portfolio, loser portfolio and momentum portfolio that goes long winner portfolio and short loser portfolio when the formation period F is equal to the holding period H. The tstatistic is in parenthesis. ** indicates significance at 1% level, and * indicates significance at 5% level. This table presents the time-varying risk of momentum strategies. Capital asset pricing model in equation (1a and 1b) is used to estimate the parameters for winner and loser portfolios. Equation (2) is used to estimate parameters for the momentum strategy that goes long winner portfolio and short loser portfolio. There is always one trading day skipped between the formation period F and the holding period H. The t-statistic, corrected for heteroskedasticity using the White correction, is in parenthesis. ** indicates significance at 1% level, and * indicates significance at 5% level. . The number in parenthesis represents the relative contribution of each component to the overall momentum profits. We present the results for momentum strategies where the formation period (F) is equal to the holding period (H) and there is one day skipped between F and H.
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